Wrinkle free finishing is a widely used functional finishing process to produce wrinkle-resistant cotton fabrics at the expense of tearing strength of fabrics. In this research, full factors and orthogonal experiments were carried out to invesitgate the mechnism between the wrinkle recovery and tearing strength of cotton fabrics. Wrinkle recovery angle (WRA) was tested by AATCC Test Method 66-2003. Fabric tearing strength, interwoven resistance, and yarn strength were tested before and after resin treatment by a tensile testing machine. By full factors experiment, it was found that the specimen could achieve its best wrinkle-free performance at 110ºC curing temperature, 2.5 minutes curing time, 80% pick-up percentage and 60g/l resin concentration considering fabric tearing strength. It is found out that after resin treatment in optimum condition, it could effectively improve the WRA and at the same time with the minmium lose of tearing strength of fabric.
INTRODUCTION
Cotton fibers which are thin and soft, have good hygroscopic, strong alkali and organic solvents resistance, as well as heat insulation, are the most commonly used fiber for the textile industry [1] [2] [3] . Cotton fabrics in the clothing market are dominant (50%), but its drawback is that hydrogen bonds in cotton that can be broken and re-formed in the presence of water, which make it easy wrinkled.
Wrinkle free finishing is a widely used functional finishing process to produce wrinkle-resistant cotton fabrics and garments. Since 1960s, extensive efforts have been made to develop multifunctional carboxylic acids, including the N-methylol amides, polyhydric carboxylic acids, N-methylol amides and aldehydes [4] [5] [6] [7] [8] . For example, DMDHEU (dimethylol dihydroxyethylene urea) has been commercially applied since the early 1960's. BTCA (1,2,3,4-butanetetracarboxylic acid) was first patented in the late 1970's, and the use of BTCA with sodium hypophosphite catalyst was patented in the mid-1980's. A wrinkle free finishing agent can crosslink cellulose molecules inside a cotton fiber, thus imparting wrinkle resistance to the cotton fabric at the expense of its tensile strength and abrasion resistance. It shortens the wear life of the garment and has become the main obstacle for the application of crosslinking agents to a wider range of cellulosic fabrics and garments. The way to minimize the strength loss during wrinkle free treatment is a critical important technology in textile engineering.
Tearing triangle area as shown In Figure 1(c) , is the triangular shaped distortion at the active region of tearing. The special distribution of the yarns in the tearing Del region is an important factor to the strength. The warp and weft of the fabric density, interleaved between the line number, the float length as well as the friction between the yarns will affect the shape of the force triangle [9] [10] [11] . Several studies have been made to decrease the mechanical strength loss of wrinkle-free finished cotton fabric [7] [8] . The aim of this work was to investigate the effect of wrinkle-free treatment on wrinkle free ability and the mechanism between wrinkle free and tearing strength of cotton fabrics. 
EXPERIMENTAL Fabric
Lightweight 100% cotton right hand 2/1 twill white fabric, 0.132g/m² of fabric weight, yarn count of 80s/2 with 78 picks per inch and 157 ends per inch was used. Since the fabric for the test is ready-to-use in nature, no scouring or washing to remove dirt or impurity is needed prior to resin finishing. The fabric was conditioned at 21±1ºC with relative humidity of 65±2% for at least 24 hours prior to use.
Wrinkle-Free Finishing
Wrinkle-free finishing of cotton woven fabric was carried out by pad-dry-cure method. A commercial resin, Fixapret F-ECO (known as modified dimethyloldihydroxyethylene urea resin) with magnesium chloride as catalyst (9g/l) was used. By pre-experiments, three concentrations of resin solution, 30g/l, 45g/l and 60g/l, were applied to fabric specimens using a horizontal padder. Three padding pick-up of 60%, 70% and 80% were used. After padding, the fabrics were dried completely in the oven at 70ºC. The curing was carried out with different temperature of 110ºC and 120ºC using three curing time, i.e. 2 minutes, 2.5 minutes and 3 minutes. After durable press finishing, the fabric specimens were conditioned at 21±1ºC with relative humidity of 65±2% for at least 24 hours prior to evaluation. In the wrinkle-free finishing, full factorial experimental design was carried on as shown in Table I and the experimental arrangement is listed in Table II . I  I  2  I  II  III  3  I  III  II  4  II  I  III  5  II  II  II  6  II  III  I  7  III  I  II  8  III  II  I  9 III III III
Wrinkle Recovery Angle
The wrinkle recovery ability was expressed as wrinkle recovery angle (WRA) which was evaluated by AATCC Test Method 66-2003, Option 2. The final value of WRA is the sum of warp-face, warp-back, weft-face and weft-back.
Fabric Tearing Strength
Fabric tearing strength was evaluated by BS EN ISO 13937-2 using a constant-rate-of-extension tensile testing machine -Instron 4411 tensile testing machine (New Jersey, USA), as shown in Figure 1 .
Yarn Tenacity
Yarns were taken from fabrics with and without durable press finishing and their tenacities were tested by tensile testing machine (Instron 4411 tensile testing machine) with at a test length of 500 mm, extension rate of 250 mm/min and pretension of 0. Figure 4 that WRA at 2.5 minutes is higher than curing time of 2 and 3 minutes with 60% and 80% pick-up. The 80% pick-up achieves the best WRA level. However, if the pick-up is taken into consideration, at 30 g/l resin concentration, the WRA result of pick-up 70% is better than 80% following by 60%. At 45g/l resin concentration, the WRA results of pick-up at 60% and 80% are better than 70%. At 60g/l resin concentration, the WRA results of pick-up 80% is better than 70% followed by 60%. As a result, Figures 3 Figure 6 shows the WRA of fabrics under the full factorial experiment at 120 ºC. It is obvious that under 60% pick-up and 80% pick-up of both 30g/l and 60g/l resin concentrations, the WRA is the highest at 2.5 minutes. It can be observed from Figure 7 that WRA achieves the best effect under 70% pick-up at 60g/l resin concentration under the three curing time. Figure 8 reveals that both WRA under the condition of 60% and 80% pick-up followed the same trend achieving the highest WRA value at 45 g/l , while increase with resin concentration at 70% pick-up. Thus, Figures 6 to 8 demonstrates that at 120ºC curing temperature, WRA achieve its best condition at curing time of 2.5 minutes, 70% pick-up and 60g/l resin concentration. Figure 10 is the tearing strength of fabrics in warp and weft direction under the full factorial experiments. It shows an obvious trend that tearing strength decreases with the increasing curing time at different pick-up and resin concentration. Figure 11 reveals that tearing strength of resin treated fabrics at 110ºC is higher than 120ºC. Figure 12 indicates that the best tearing strength could be obtained at 60% pick-up even the curing time and resin concentration varied. Figure 13 shows that tearing strength of treated fabrics decreases with resin concentration at 2.5 minutes curing time and 110ºC curing temperature.
From the WRA and tearing strength of treated fabrcis, it can be easily found out that WRA is improved with the reduction in tearing strength. Making a balance between the WRA and tearing strength of resin treated fabrics is very important to textile engineering. To optimize the curing parameters, factors related to tearing strength of fabric were further investigated. Table III is the orthogonal testing (experiment factors as shown in Table I & II）results of WRA, tearing strength of fabrics, and interwoven resistance of fabrics and yarn. While the reduction ratios of tearing strength, interwoven resistance, and yarn tenacity are shown in Figures 14 and 15 . The values of the reduced ratio were calculated as shown in Figure 14 and 15. It can be discovered by Table III that the resin treatment had a complex effect on interwoven resistance, while having the same trend to wrinkle recovery and tearing strength(warp & weft ) compared with full factor experiments. CRP(Concentrations of resin solution (g/l)) and CT (Curing time (minutes)) adversely affect the interwoven resistance. The higher the value of CRP and CT are, the lower is the interwoven resistance but not in the case of PU( Pick-up (%)).
Figures 14 and 15 also show the main trend of reduced ratio of teariing strength, interwoven resistance and yarn tenacity matched with the trend of WRA. They indicated that the higher the WRA, the more loss of tearing strength, interwoven resistence, and the single yarn tenacity. Besides the yarn count, woven density, fiber type, with a same fabric, the main factors that affect the interwoven resistance would be yarn friction and yarn strength. The yarn friction is reduced after resin treatment, as a result, the number of yarns in the tearing zone is increased; thus, the tearing strength of fabric will be increased. The strength of yarn would be reduced after resin treatment as crosslinking of fiber is destroyed which leads to the reducing of fabric tearing strength. The combination effect of reducing yarn friction and yarn strength after resin treatment is the main cause affecting the tearing strength of cotton twill fabric. 
